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Cherenkov Astronomy
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Cherenkov Astronomy

¢ [wo arrays of 100 (South) et 20 (North)
‘ a Cherenkov telescopes (4, 12 et 24 m in diametre)
July 2015: site selection, Chile (ESO) and La Palma
2016: pre-production phase

2018-2013: production phase

cherenkov telescope array

O bse rvato r'y Observatory open to the Astronomy community

© DESY/Milde Science Comm./Exozet
21 Oct. 2016 3
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Cherenkov Astronomy

Data levels and workflow

Acquisition/
Simulations

Data Level Short Name Data reduction factor
Description

DLO *

Level 0 (DLO) DAQ-RAW Data from the Data Acquisition
hardware/software.

Level 1 (DL1) CALIBRATED Physical quantities measured in 1-0.2
each separate camera: pho-

tons, arrival times, etc., and per-

Calibration
(per telescope)

telescope parameters derived
from those quantities.

DL1 *

ECIA (AN RECONSTRUCTED Reconstructed shower parame- 101
ters (per event, no longer per-
telescope) such as energy, di-

rection, particle ID, and re-

Reconstruction
(shower)

lated signal discrimination pa-

DL2 *

rameters.
Level 3 (DL3) @ Sets of selected (e.g. gamma- 10—
ray-candidate) events, along

published with associated instrumental
response characterizations and

any technical data needed for

Analysis
(science preparation)

DL3 *

o™ ™ a science analysis. '
Level 4 (DL4) RN SCIENCE' High Level binned data products =R
"= like spectra, sky maps, or light
w = = om o Curves.
EEEIEN# OBSERVATORY # Legacy observatory data, such F0=R =102
Camm= as CTA survey sky maps or the

CTA source catalog.

Data product
generation
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Cherenkov Astronomy
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.
High level data model

¢ Defines structure of services, content and context of data
¢ Can be seen as a global interface

Scheduler
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.
High level data model

* + requirements and constraints

¢ Scheduling Blocks
(sequence of observations planned for a given Target)

¢ Observation Blocks
(effective start and stop times with a given configuration)

¢ Defines coordinates, SubArray, type of Observation, strategy,
pointing and trigger modes...

+ Static part of the ObsConfig — simply point to a description file
¢ SubArray: fixed set of telescopes, list of active telescopes

¢ Raw Data then processed to higher Data Levels
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.
Acquisition as a stream of data

\ 4

¢ a unit of observation that includes all necessary calibration
observations/procedures for the Observatory and the Guest Observers
needed for reduction and analysis. They include descriptions of
configurations and calibrations.

¢ a part of the acquisition data stream with a start time, a stop time and
an ObsID. An OB uses one and just one ObsConfig (SubArray,
pointing, ObsType). If the ObsConfig changes during the acquisition,
the current ObsBlock is closed and a new one is started with another
ObsID.

+ a part of an OB with a start time, a stop time, and common
characteristics (slewing, high NSB, calibration, ...). Time Intervals
may be defined from a list of events occurring during the OB, e.g.: start
slewing, stop slewing, hardware failure, high trigger rate suggesting
high NSB. Some Tls could require different processing or extra MC.
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Acquisition as a stream of data
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Proposal and Targets

P roposal
User AcceptedProposal

#UseriD Uoerld #ProposalID: integer

+Name +A0Call

R eieig Evaluation
+Abstract 1 1 #proposalID: integer
+ScientificCategory +class = A,B,C

Ellipx +rank: float
€ollicors

+Type = Standard, Triggered, Monitoring...
+Class = DDT, GO, KSP, CTAO
1

1..*
Sched >
Target o -
#targetID: integer
+proposaliD
+name
+coordl = RA, Alt, glat 1..%
+coord2 = Dec, Az, glon &>

+coordType = RA-Dec, Alt-Az, galactic
+coordSys = ICRS, FK5, Gal...
+epoch = 2000

+positionalError
+region
1
- RequestedObsConfig
#targetID: integer
+requestedTime
+subArray
+skyQuality
+nightskyBackground
+precisionPeinting = True/False
+zenithRange
+strategy = on_off, wobble, survey...
+pointingMode = parallel, covergent, divergent...
+trackingMode = sideral, drift, planetary

Evaluation
#targetID: integer
+class = A,B,C
+rank: float

BreakPoint

#breakPointID
+targetID: integer
+obsTime
+criteria: string

UserSchedulingBlock

#obsSchedID: bigint
+targetID
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ObsConfig and InstrumentDescription

[ArrayCon I

. ObsConfig

#obsConfigID: integer

+subArrayID: integer

+obsType: string

+coordl: double = RA, Alt, glat

+coord2: double = Dec, Az, glon

+coordType = RA-Dec, Alt-Az, galactic

+coordSys = ICRS, FK5, Gal...

+epoch = 2000

+pointingMode = parallel, divergent, convergent, custom

Observatory <<Observalory>>

#name: string = 'CTA' 'CTA', 'Cherenkov Telescope Array Observatory'
+description: varchar(255)

siteArrayID
1..2

Site

#siteID: integer

+name: varchar(5) = 'South' not null |8itelD Auxiliarylnstrument

5 A 1
'1af-1fude. float auxIfstrumentID fya,yTngtrument ID: String
+longitude: float 0..*
+altitude: float

+siteID: integer
+name: String

siteID

1..* subArrayID
1..*
> - >
subArrayID
1 1
ObsTypeConfig SubArray subArrdyID

#obsType: string = Observation, SPE, FlatField,...
+trackingMede: string = sideral, drift, planetary
+triggerMode = coincidence,random,external,...

#subArrayID: integer
+subArrayName: string
+telID: integer

Mathieu Servillat (Obs Paris)

1
containsp
siteID
1..*
SubArrayTrigger Array
1 yTrigg - CommonAttributes
+mode = timestamp,triggerpattern #arrayID: integer .
+coincidenceGate +siteID: integer +serialNumber
arrayID +commissionningDate
1 +decommissionningDate
>
telID
1..2
telip 1..»| MonitorUnit
1..* Tele: pe +name: String
+telClass: varchar(20) = LST, MST, SST, SST-C, ...
> +telPosX: double
+telPosY: double
+telPosZ: double
telID ) telID
1 1
holdsh
telID telID
1 1
TelescopeOptics Camera
+type = SC,DC Mirror +cameraType = LST,NECTAr,Flash,SCT,GCT,ASTRI,DG
+focalLength: double +position ‘cemeraRola?_.ion
+cameraDistance +type +pixelRotation
+collectionArea: double +reflectivityCurve { cameralD cameralD cameraID
+fov: double +focalLength 1 1 1
3
l& drawerD
L] 1..*
DCTelescopeOptics Dravwer
pixellD drawerID
p 1..+|*pixelID
1 +cameralD: integer
L—{ SCTelescopeOptics Pixel d
- CameraOptics -
+primaryFocalLength +type: integer = hexagon,rectangular R
+primaryCameraDistance #cameraOpticsID: integer +posX ixplID
+secondaryFocalLength +telID: integer +posY 1.2
+secondaryCameraDistance +funne 1Type +posz
+windowType +area
1 1
» >
1
: Electronic
ronics
PhotoDetector
#pixelID: integer

#pixellID: integer

Cherenkov Astronomy data model FryRelo &1kl
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.
Acquisition and Data Processing

Scheduler
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S
ObsCore fields for CTA

dataproduct_type: has to be one of the following: image, cube, spectrum, sed, timeseries, visibility, event.
Set to "event” in the prototype, has it exposes the 1DC DL3 files.

calib_level: one of the following integer values: 0 (instrumental or raw data in a non-standard/proprietary
format), 1 (instrumental data in a standard format, e.g. FITS), 2 (calibrated data in standard format,
with instrument signature removed), and 3 (more highly processed data product). CTA defines 5

data level, for example DL3 data are calibrated data in scientific units but still include an instrument
signature, hence its calib_level would be between 1 and 2.

access_url: to be defined by the Archive, however the CTA 1DC data should not be accessible to the public.
We thus include simulated data hosted on http://voplus.obspm.fr/cta/ and always point to this
URL in the prototype. In the VO context, the access URL is generally a public link. To handle data
rights, this may point to a retrieval system with the ID of the requested data product.

em_min, em_max: The spectral coordinates are in TeV for us and should be converted to meters to follow
the ObsCore standard. This could lead to precision issues in spectral data (though it is not an issue
for discovery purposes).

facility_name: we use the observatory name, e.g. "CTA”.

instrument_name: As our test data comes from several experiments, we describe them here: HESS,
MAGIC, VERITAS or CTOOLS (for simulated data with the ctools). This could be use to expose the
CTA SubArray used to acquire the data?
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S
Extended ObsCore fields for CTA

*

*
*
*
*
L 4

* 6 6 o o

*
*
*
*
*
L 4

dataproduct_subtype: show DL0-57?

obs_release date

data_rights (Public/Secure/Proprietary)

s_resolution min, s_resolution max (as it is dependent on energy)
proposal_id

site: North or South site.

sub_array_name (or directly in instrument_name)
pointing_mode: parallel, divergent, convergent, custom...
obs_mode: wobble, scan, on, off

obs _type: flatfield, science, SPE...

data_quality: flag giving information on the data quality

calib_version: version of the calibration stage of the Pipeline
reco_version: version of the reconstruction stage of the Pipeline
reco_method: reconstruction method used to obtain DL2 data
applied_cuts: selection criteria used to obtain e.g. a DL3 photon event list
spectral_model: spectral model assumed to obtain spectrum

Mathieu Servillat (Obs Paris) Cherenkov Astronomy data model Aol &l
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.
Data mining use cases for CTA

Use case
Cone Search

ObsCore search

ObsCore optional
search

ObsConfig search

Provenance search

Description

(target_name, time interval, ...), e.g.:

» search data for a given target at a given time

» search data in a given region of the sky

» search data that contain events at energy higher than 50 TeV

(target_class, data_rights, ...), e.g.:
» search public data for all blazars
» search data for a given proposal_id

(sub_array _name, pointing_mode, obs _mode ...), e.g.:
» search data that include the Large Size Telescopes (LSTs)
» search data for a given target, that do not include the divergent pointing mode

(calib_version, creation_date ...), e.g.:

» search data produced by a given version of the pipeline and for a given target
» search data produced using a given reconstruction method

» search data for a given target produced with loose cuts

Mathieu Servillat (Obs Paris) 21 Oct. 2016 15



-
CTA Data DlStlller https //voparls -cta-test. obspm fr

Rm', DofoCcnfro

Credits;: DESY/Milde Science Comm./Exozet

CTA Data Distiller = Q Search Form & Job List % Sign out user

¥ Cone Search

Target Name Crab Nebula Used to query Simbad with Sesame and set RA/Dec.

Source RA (deg)  83.633 V'S Django, jQuery, BOOtStrap3

Source Dec (deg) 22514 'S Name resolver
bl |-000 Simbad through Sesame

- ¢ Builds and Sends the ADQL query

¥ ObsCore Search
proposal_id Proposal ID
dataproduct_type Nothing selected v Data product (file content) primary type
dataproduct_level Nothing selected - DLO-5

Mathieu Servillat (Obs Paris) Cherenkov Astronomy data model FvaRole 8.1k [ 16



IVOA Provenance data model

wasDerivedFrom

wasAttributedTo

wasGenerated By
Agent used
actedOnBehalfOf
wasAssociatedWith
Activity
startedAtTime \r:iedAtTime
xsd:dateTime wasInformedBy xsd:dateTime

IVOA ProvenanceDM working group

http://wiki.ivoa.net/twiki/bin/view/IVOA/ObservationProvenanceDataModel

W3C PROV Ontology
https://www.w3.0rg/TR/2013/NOTE-prov-overview-20130430/

Mathieu Servillat (Obs Paris)
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.
Example: analysis step with OPUS

¢ OPUS is a light job controller for the Paris Observatory work cluster
https://github.com/ParisAstronomicalDataCentre/OPUS

¢ Provides Provenance files and visualization:

cta:consortium

\
\
\
AN

prov:startTime
prov:endTime
param:axisrot
param:binsz
param:chatter
param:clobber
param:coordsys
param:debug
param:ebinalg
param:ebinfile
param:emax
param:emin
param:enumbins

m—avncasicanada

prov:label CTA Consortium amtinobs
prov:itype  Organization Pl
//
wasAssociated With used 7 ‘z
/,,
L Byars st prov:itype  xs:anyURI
/Job.ctbm = prov:value http://voplus.obspm.fr/cta/events.fits T i
/
/ wasGeneratedBy wasGeneratedBy wasDerivedFrom | wasDerivedFrom

J/

L
2016-05-11T11:15:06
2016-05-11T11:15:12
00
0.02
2
yes
CEL
no
LOG
NONE
100.0 result:outcube result:logfile
0.1
20 / b
~1 1/ \\
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-
Output files (PROV-XML and PROV-JSON)

<prov:document xmlns:ctadata="ivo://vopdc.obspm/cta#" xmlns:ctajob

<prov:activity prov:id="ctajobs:ctbin">
<prov:startTime> 2016-03-13T23:44:46 </prov:startTime>
<prov:endTime> 2016-03-13T23:44:56 </prov:endTime>
</prov:activity>

<prov:agent prov:id="cta:consortium">

<prov:type xsi:type="xsd:string"> Organization </prov:type> -

</prov:agent>
<prov:wasAssociatedWith>
<prov:activity prov:ref="ctajobs:ctbin" />
<prov:agent prov:ref="cta:consortium" />
</prov:wasAssociatedWith>
<prov:entity prov:id="uwsdata:parameters/inobs" />
<prov:used>
<prov:activity prov:ref="ctajobs:ctbin" />
<prov:entity prov:ref="uwsdata:parameters/inobs" />
</prov:used>
<prov:entity prov:id="uwsdata:results/outcube" />
<prov:wasGeneratedBy>
<prov:entity prov:ref="uwsdata:results/outcube" />
<prov:activity prov:ref="ctajobs:ctbin" />
</prov:wasGeneratedBy>
<prov:wasDerivedFrom>
<prov:generatedEntity prov:ref="uwsdata:results/outcube"
<prov:usedEntity prov:ref="uwsdata:parameters/inobs" />
</prov:wasDerivedFrom>
<prov:entity prov:id="uwsdata:results/logfile" />
<prov:wasGeneratedBy>
<prov:entity prov:ref="uwsdata:results/logfile" />
<prov:activity prov:ref="ctajobs:ctbin" />
</prov:wasGeneratedBy>
<prov:wasDerivedFrom>
<prov:generatedEntity prov:ref="uwsdata:results/logfile"
<prov:usedEntity prov:ref="uwsdata:parameters/inobs" />
</prov:wasDerivedFrom>
</prov:document>

Mathieu Servillat (Obs Paris)
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- wasAssociatedWith: {

- _sdd1: {
prov:agent: "cta:consortium",
prov:activity: "cta:anactools_vl1.1"
}
b
agent: {
- cta:consortium: {
prov:type: "Organization”
}
e
- entity: {

uwsdata:results/fit_results: { },
uwsdata:results/configfile: { },
uwsdata:results/butterfly: { },
uwsdata:results/spectrum_plot: { },
uwsdata:results/spectrum: { }

}e

- prefix: {

uwsdata: "https://voparis-uws-test.obspm.fr/rest
cta: "http://www.cta-observatory.org#",
voprov: "http://www.ivoa.net/ns/voprov#"

e

- activity: {

/> - cta:anactools_vl.1l: {
prov:startTime: "2016-04-07T00:26:00",
prov:endTime: "2016-04-07T00:27:15"
}
e
- wasGeneratedBy: {
- _:id5: {
prov:entity: "uwsdata:results/butterfly",
prov:activity: "cta:anactools v1.1l"
Y,
» - _:idd: {
prov:entity: "uwsdata:results/fit results",
prov:activity: "cta:anactools v1.1l"
},
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.
To be integrated in ctapipe

¢ ctapipe: code for exploring a CTA data processing framework.
It is not official and not recommended for use!

https://github.com/cta-observatory/ctapipe

¢ Tool class providing configuration (set of parameters), logger,
/O management... and possibly Provenance data

Configuration L . Metadata /10 P rovenance
Management ogge Management Management i nfo rm ati on
Loop over Events or Chunks of Events
|
Component i
I
I
input 1 . |
‘ 1 7 |
! \ serializer : SUpUE
i (file/stream)
Component ===3 Component :
I
I
. I
‘ = deserializer i
! Component =3 Component i

______________________________________________________________________________________________________________________________
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.
Manipulating Provenance

Storing Provenance:
 Write to files o4 .
¢ Store with data product (header, fits-plus...) @
¢ Store in a database (using data model) @

Retrieving Provenance:
¢ Request Provenance path

¢ From files @ B
¢ From database (API) @ B
¢ Search data products based on Provenance @

+ A given Activity was performed (with given version)
+ A given input parameter was set to...

Mathieu Servillat (Obs Paris) Cherenkov Astronomy data model FvaRel & liy [



.
Next steps

* to be completed
¢ Interactions with CTA working groups

¢ Use ProvenanceDM to define a

& for this database
¢ Using descriptions: activity/data/parameters
+ Based on prov?

¢ Could be included in the CTA framework

= project in Python
¢ Fill the Provenance info from DLO to DL3
. systems

¢ PROV-AQ, IVOA SSA/TAP/..., files, headers...

Mathieu Servillat (Obs Paris) 21 Oct. 2016
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